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1 INTRODUCTION 
1.1 Background 
A three-cable, low-tension end terminal system, shown in Figure 1a, was previously 
developed and successfully tested at the Midwest Roadside Safety Facility [1] according to the 
safety performance criteria specified in the National Cooperative Highway Research Program 
(NCHRP) Report No. 350 [2]. The low-tension end terminal system was modified to add a fourth 
cable, shown in Figure 1b, during the development of a four-cable, high-tension cable median 
barrier [3-5]. However, the high-tension end terminal was never subjected to full-scale crash 
testing according to the safety performance criteria specified in NCHRP Report No. 350 or the 
current Manual for Assessing Safety Hardware (MASH) [6].  
  
(a) 3-cable, low-tension    (b) 4-cable, high-tension 
 
Figure 1. Cable End Terminal Systems 
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A dynamic bogie test, test no. HTCT-1, was conducted on the high-tension end terminal 
system at a velocity of 44.9 mph (72.3 km/h) and at an angle of 0 degrees, or end-on to the 
system [7]. Several things were noted from this testing: 
(1) All four cables released by 18 ms after impact; 
(2) The notched cable plate, which held the cables in place, sustained permanent 
deformation; 
(3) The cables wrapped around the cable release lever and pulled it downstream; and  
(4) When the cables were tensioned, the clearance between the cable anchorage fittings 
was limited. 
Prior testing with the low-tension end terminal showed the cables released approximately 
8 ms after impact [1]. While the 18 ms release times seen in test no. HTCT-1 did not produce an 
undesirable behavior, a quicker release time, similar to the 8 ms seen in the low-tension cable 
end terminal tests, was desired. 
Prior testing also demonstrated that the cable release lever could potentially become a 
tripping hazard for the vehicle when it is pulled downstream by the cables and may cause vehicle 
instabilities [1]. Therefore, it was important that the cables did not wrap about the release lever 
and that the lever was retained on the cable anchor bracket in an end-on or angled impact on the 
upstream end terminal.  
According to AASHTO’s Standard Specifications for Structural Supports for Highway 
Signs, Luminaires, and Traffic Signals, substantial remains of breakaway supports shall not 
project more than 4 in. above groundline, so that a car can easily traverse above any remaining 
stub. MASH does not have any requirements for the stub height of fixed supports. While the 
cable anchor bracket assembly is not technically a breakaway support, the fixed anchor portion 
of the assembly could potentially cause vehicle instabilities due to undercarriage snag or wheel 
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override if the anchor stub is too high. Therefore, the height of the bracket was reduced to 4 in. 
(102 mm) to conform to the AASHTO specification. 
Eliminating permanent deformations in the anchor bracket and release lever and adding 
more clearance around the cable anchorage fittings were also desired. So, the cable end terminal 
was redesigned in a prior project, and finite element analysis demonstrated that the new end 
terminal design met the desired goals [7].  
1.2 Objectives 
The objective was to determine through dynamic testing if the performance of the 
redesigned high-tension end terminal system met all of the desired goals: quick cable release 
times, cable release lever retained in anchor bracket when impacted, no permanent deformation, 
stub height below 4 in. (102 mm), and more clearance around the cable anchorage fittings.  
1.3 Scope 
Two dynamic bogie tests were conducted on the high-tension cable end terminal. The 
first test had a targeted impact speed of 45 mph (72 km/h) oriented end-on to the terminal (i.e. 0 
degree impact). The second test had a targeted impact speed and angle of 45 mph (72 km/h) and 
25 degrees, respectively. A summary, discussion, and conclusions of the dynamic tests were 
provided.  
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2 DESIGN DETAILS 
The cable barrier system consisted of three main components: (1) cable anchor bracket 
assemblies; (2) line posts; and (3) system cables. Descriptions of each of these assemblies are in 
the following sections. System details are shown in Figures 2 through 18. System photographs 
are shown in Figures 19 and 20 for test nos. HTCT-2 and HTCT-3, respectively. Material 
specifications, mill certifications, and certificates of conformity for the end terminal systems are 
shown in Appendix A. 
2.1 Cable Anchor Bracket Assemblies 
The cable anchor bracket assemblies consisted of several components. The cable release 
lever consisted of two 20-in. (508-mm) long, 1½-in. x 1½-in. x ¼-in. (38-mm x 38-mm x 6.35-
mm) thick steel vertical tubes welded to a 47/16 in. x 17½-in. x ⅝-in. (113-mm x 445-mm x 16-
mm) thick steel kick plate. The horizontal cross member that was previously between the vertical 
tubes was removed to keep the cables from wrapping around the cable release lever.  
Two ½-in. (12.7-mm) thick rotation support brackets were welded to the underside of the 
kick plate. A ¾-in. (19-mm) diameter threaded rod with a washer and nut on each end was 
inserted through the rotation support brackets. The ¾-in. (19-mm) diameter threaded rod was 
then inserted into a slot in the cable anchor assembly. This created a joint that allowed the cable 
release lever to rotate, but still be retained within the cable anchor bracket. 
The cable anchor bracket consisted of a 10¼-in. x 19¾-in. x ½-in. (260-mm x 502-mm x 
12.7-mm) thick steel baseplate with a 3⅝-in. x 19¾-in. x ⅝-in. (92-mm x 502-mm x 16-mm) 
thick steel cable plate welded at a 65-degree angle. Four 1⅛-in. (28.58-mm) diameter notches 
were cut into the cable plate in order to secure the cables to the assembly. A ½-in. (12.7-mm) 
thick gusset was welded to the cable plate and base plate on each side of the cable notches.  
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The cable anchor brackets were secured to the testing surface using eight ¾-in. (19.05-
mm) diameter ASTM A193 Grade B7 threaded rods with hex nuts and washers. The threaded 
rods were epoxied 12-in. (305-mm) into the concrete.  
2.2 Line Posts  
Weakening the line posts was explored in test no. HTCT-2 by adding holes in both 
flanges at groundline and by changing the post shape. Eight line posts were installed between the 
upstream and downstream cable anchor brackets, designated post no. 1 and post no. 10, 
respectively. Post no. 2 was an S3x5.7 (S76x8.5) post with a cable hangar bracket and ⅜-in. 
(9.53-mm) diameter weakening holes. Post nos. 3 and 6 were M6x4.4 (M152x6.5) posts without 
weakening holes. Post nos. 4 and 7 were S3x5.7 (S76x8.5) posts with ⅜-in. (9.53-mm) diameter 
weakening holes. Post nos. 5 and 8 were S3x5.7 (S76x8.5) posts with ⅝-in. (15.88-mm) diameter 
weakening holes. Post no. 9 was an S3x5.7 (S76x8.5) post with a cable hangar bracket and ⅝-in. 
(15.88-mm) diameter weakening holes.  
In test no. HTCT-3, only two line posts were installed between the upstream and 
downstream cable anchor brackets, designated post no. 1 and post no. 4, respectively. Post no. 2 
was an S3x5.7 (S76x8.5) post with a cable hangar bracket and ⅜-in. (9.53-mm) diameter 
weakening holes. Post no. 3 was an S3x5.7 (S76x8.5) post with a cable hangar bracket and ⅝-in. 
(15.88-mm) diameter weakening holes. The line posts in test nos. HTCT-2 and HTCT-3 were 
embedded 18 in. (457 mm) in 4-in. (102-mm) diameter holes that were cored in the concrete 
tarmac.  
2.3 System Cables 
Four ¾-in. (19.1-mm) diameter, 3x7 wire rope cables were used in the barrier system. 
The cables were tightened to approximately 4,200 lb (18.7 kN) through the use of cable 
turnbuckles. The ends of the cable contained ⅞-in. (22-mm) diameter threaded rod fittings that 
March 21, 2014  
MwRSF Report No. TRP-03-294-14 
6 
terminated in the cable anchor bracket. Each threaded rod was secured in the cable plate notches 
with a 3-in. x 2⅜-in. x ½-in. (76-mm x 60-mm x 12.7-mm) thick plate washer and two heavy hex 
nuts. 
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Figure 2. Bogie Testing Matrix and Setup, Test No. HTCT-2
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Figure 3. Bogie Testing Matrix and Setup, Test No. HTCT-3
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Figure 4. Cable Anchor Assembly Detail View, Test Nos. HTCT-2 and HTCT-3
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Figure 5. Cable Anchor Anchorage Detail, Test Nos. HTCT-2 and HTCT-3
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Figure 6. Cable Anchor Bracket Details, Test Nos. HTCT-2 and HTCT-3
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Figure 7. Cable Release Lever Assembly Details, Test Nos. HTCT-2 and HTCT-3
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Figure 8. Cable Anchor Bracket Component Details, Test Nos. HTCT-2 and HTCT-3
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Figure 9. Cable Anchor Bracket Component Details, Test Nos. HTCT-2 and HTCT-3
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Figure 10. Cable Release Lever Component Details, Test Nos. HTCT-2 and HTCT-3
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Figure 11. Post Nos. 2 and 9 Details, Test Nos. HTCT-2 and HTCT-3
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Figure 12. Terminal Posts with Hook Bolts Details, Test Nos. HTCT-2 and HTCT-3
  
1
8
 
M
arch
 2
1
, 2
0
1
4
  
M
w
R
S
F
 R
ep
o
rt N
o
. T
R
P
-0
3
-2
9
4
-1
4
 
 
Figure 13. Terminal Post Details, Test Nos. HTCT-2 and HTCT-3
  
1
9
 
M
arch
 2
1
, 2
0
1
4
  
M
w
R
S
F
 R
ep
o
rt N
o
. T
R
P
-0
3
-2
9
4
-1
4
 
 
Figure 14. Cable End Assembly and Cable Splice Assembly Details, Test Nos. HTCT-2 and HTCT-3
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Figure 15. Bill of Materials, Test No. HTCT-2
  
2
1
 
M
arch
 2
1
, 2
0
1
4
  
M
w
R
S
F
 R
ep
o
rt N
o
. T
R
P
-0
3
-2
9
4
-1
4
 
 
Figure 16. Bill of Materials, Test No. HTCT-2
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Figure 17. Bill of Materials, Test No. HTCT-3
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Figure 18. Bill of Materials, Test No. HTCT-3
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Figure 19. System Photographs, Test No. HTCT-2 
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Figure 20. System Photographs, Test No. HTCT-3 
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3 COMPONENT TEST CONDITIONS 
3.1 Scope 
Two dynamic tests were conducted on the redesigned high-tension cable end terminal at 
the MwRSF Proving Grounds in Lincoln, Nebraska. In test no. HTCT-2, the target impact 
conditions were a speed of 45 mph (72 km/h) and an angle of 0 degrees, which is end-on to the 
terminal. In test no. HTCT-3, the target impact conditions were a speed of 45 mph (72 km/h) and 
an angle of 25 degrees. Since the activation of the cables should behave similarly at 45 mph (72 
km/h) and 60 mph (100 km/h), the lower impact speed was selected for component testing. The 
impact height was 19 in. (483 mm) above the groundline. The test matrix is shown in Figures 2 
and 3 for test nos. HTCT-2 and HTCT-3, respectively. 
3.2 Equipment and Instrumentation 
Equipment and instrumentation utilized to collect and record data during the dynamic 
bogie tests included a bogie, accelerometers, pressure tape switches, high-speed and standard-
speed digital video, and still cameras. 
3.2.1 Bogie 
A rigid frame bogie was used to impact the cable end terminal. A variable height, 
detachable impact head was used in the testing. The bogie head was constructed of 8-in. (203-
mm) diameter, ½-in. (13-mm) thick standard steel pipe, with ¾-in. (19-mm) neoprene belting 
wrapped around the pipe to prevent local damage to the post from the impact. The impact head 
was bolted to the bogie vehicle, creating a rigid frame with an impact height of 19 in. (483 mm). 
The bogie with the impact head is shown in Figure 21. The weight of the bogie with the addition 
of the mountable impact head and accelerometers was 1,861 lb (844 kg) in test no. HTCT-2 and 
1,853 lb (841 kg) in test no. HTCT-3.  
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Figure 21. Rigid Frame Bogie on Guidance Track 
A pickup truck with a reverse cable tow system was used to propel the bogie to the target 
impact speed. When the bogie approached the end of the guidance system, it was released from 
the tow cable, allowing it to be free rolling when it impacted the post. A remote braking system 
was installed on the bogie, allowing it to be brought safely to rest after the test. 
3.2.2 Accelerometers 
Two accelerometer systems were mounted on the bogie vehicle near its center of gravity 
to measure the acceleration in the longitudinal, lateral, and vertical directions. However, only the 
longitudinal acceleration was processed and reported.  
The first system, SLICE 6DX, was a modular data acquisition system manufactured by 
DTS of Seal Beach, California. The acceleration sensors were mounted inside the body of the 
custom-built SLICE 6DX event data recorder and recorded data at 10,000 Hz to the onboard 
microprocessor. The SLICE 6DX was configured with 7 GB of non-volatile flash memory, a 
March 21, 2014  
MwRSF Report No. TRP-03-294-14 
 
28 
range of ±500 g’s, a sample rate of 10,000 Hz, and a 1,650 Hz (CFC 1000) anti-aliasing filter. 
The “SLICEWare” computer software program and a customized Microsoft Excel worksheet 
were used to analyze and plot the accelerometer data.  
The second system, Model EDR-3, was a triaxial piezoresistive accelerometer system 
manufactured by IST of Okemos, Michigan. The EDR-3 was configured with 256 kB of RAM, a 
range of ±200 g’s, a sample rate of 3,200 Hz, and a 1,120 Hz low-pass filter. The “DynaMax 1 
(DM-1)” computer software program and a customized Microsoft Excel worksheet were used to 
analyze and plot the accelerometer data. 
3.2.3 Optical Speed Trap 
The retro-reflective optical speed trap was used to determine the speed of the bogie 
vehicle before impact in test nos. HTCT-2 and HTCT-3. Five retro-reflective targets, spaced at 
approximately 4-in. (102-mm) intervals, were applied to the side of the bogie vehicle in test no. 
HTCT-2 which break the beam of light. Three retro-reflective targets, spaced at approximately 
18-in. (457-mm) intervals, were applied to the side of the bogie vehicle in test no. HTCT-3. 
When the emitted beam of light was returned to the emitter/receiver, a signal was sent to the 
optical control box, which in turn sent an impulse to the data computer as well as activated the 
External LED box. The computer recorded the impulses and the time at which each occurred. 
The speed was then calculated using the spacing between the retro-reflective targets and the time 
between the impulses. LED lights and high-speed digital video analysis are only used as a 
backup in the event that vehicle speeds cannot be determined from the electronic data. 
3.2.4 Digital Photography 
Three AOS X-PRI high-speed digital video cameras and three JVC digital video cameras 
were used to document test no. HTCT-2. Two AOS X-PRI high-speed digital video cameras and 
three JVC digital video cameras were used to document test no. HTCT-3. The cameras used and 
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their respective locations are shown in Table 1. The AOS high-speed camera had a frame rate of 
500 frames per second and the JVC digital video camera had a frame rate of 29.97 frames per 
second. Both cameras were placed laterally from the post, with a view perpendicular to the 
bogie’s direction of travel. A Nikon D50 digital still camera was also used to document pre- and 
post-test conditions for all tests. 
Table 1. Video Cameras and Locations in Dynamic Component Tests 
Test No. 
Digital Video Cameras 
Description Location 
HTCT-2 
AOS X-PRI Lateral – Left Side of Bogie 
AOS X-PRI Lateral – Right Side of Bogie 
AOS X-PRI Lateral –Left Side of Bogie 
JVC Lateral – Left Side of Bogie 
JVC Lateral – Right Side of Bogie 
JVC Lateral –Left Side of Bogie 
HTCT-3 
AOS X-PRI Oblique – Right Side of Bogie 
AOS X-PRI Lateral – Right Side of Bogie 
JVC Lateral – Left Side of Bogie 
JVC Oblique – Right Side of Bogie 
JVC Lateral – Right Side of Bogie 
 
3.3 Data Processing 
The electronic accelerometer data obtained in dynamic testing was filtered using the SAE 
Class 60 Butterworth filter conforming to the SAE J211/1 specifications [9]. The pertinent 
acceleration signal was extracted from the bulk of the data signals. The processed acceleration 
data was then multiplied by the mass of the bogie to get the impact force using Newton’s Second 
Law. Next, the acceleration trace was integrated to find the change in velocity versus time. Initial 
velocity of the bogie, calculated from the pressure tape switch data, was then used to determine 
the bogie velocity, and the calculated velocity trace was integrated to find the bogie’s 
displacement.  
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The accelerometer data for each test was processed in order to obtain acceleration, 
velocity, and deflection curves. The values described herein were calculated from the SLICE 
data curves. Test results for all transducers are provided in Appendix B. 
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4 COMPONENT TESTING RESULTS AND DISCUSSION 
4.1 Results 
4.1.1 Test No. HTCT-2 
The 1,861-lb (844-kg) bogie impacted the high-tension cable terminal system at a speed 
of 52.8 mph (85.0 km/h) and at an angle of 0 degrees. The impact location is shown in Figure 22. 
The cables were tensioned to approximately 4,300 lb (19 kN). The cables were numbered from 1 
to 4 as shown in Figure 23. Cable no. 1 corresponded to the bottom cable, and cable no. 4 
corresponded to the top cable. A sequential description of the impact events is contained in Table 
2. The times are approximate as the bogie wheel obstructed the view of the cable releases. 
Sequential photographs are shown in Figures 24 through 26.  
   
 
Figure 22. Impact Location, Test No. HTCT-2 
March 21, 2014  
MwRSF Report No. TRP-03-294-14 
 
32 
 
Figure 23. Cable Numbers at Upstream Cable Anchor Bracket, Test No. HTCT-2 
Table 2. Sequential Description of Impact Events, Test No. HTCT-2 
TIME 
(sec) 
EVENT 
0.000 The bogie impacted the cable release lever. 
0.014-0.018 Cable nos. 1, 3, and 4 released. 
0.038 The impact tubes had rotated and impacted the ground.  
0.094 The bogie impacted post no. 2.  
0.104 The front tires became airborne.  
0.180 The bogie impact post no. 3. 
0.256 The left-rear tire became airborne. 
0.266 The bogie impacted the top of post no. 4. 
0.342 The right-rear tire became airborne. 
0.352 The bogie impacted the top of post no. 5. 
0.422 The right-rear tire contacted the ground. 
0.440 The bogie impacted the top of post no. 6. 
0.530 The bogie impacted the top of post no. 7. 
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0.576 The left-rear tire contacted the ground. 
0.624 The bogie impacted post no. 8. 
0.676 The front tires contacted the ground. 
0.724 The bogie impacted post no. 9. 
0.784 Cable no. 2 released. 
0.860 The bogie impacted the downstream cable release terminal. 
 
Damage to the end terminal system was moderate, as shown in Figures 27 through 30. 
The cable release lever was retained in the upstream cable anchor bracket. The kick plate had 
some minor permanent deformation. Post nos. 2 through 9 were all bent downstream. Posts with 
holes in the flanges at groundline all buckled at the holes, and the flanges tore from the upstream 
edge to the location of the weakening holes. 
Cable nos. 1, 3, and 4 released from the upstream cable anchor bracket early on the event, 
However cable no. 2 did not release until the cable lost tension and the stress wave propagation 
caused the cable to lift out, which occurred very late in the event. Cable no. 2 not releasing and 
post no. 2 bending downstream may have contributed to the bogie becoming airborne during 
most of the event.  
The cable release lever released from the downstream cable anchor bracket. Cable nos. 1, 
3, and 4 released from the downstream cable anchor bracket. Gouging was found in the steel 
plate around the second cable notch on the downstream cable anchor bracket. The kick plate had 
some minor permanent deformation. The bogie also sustained minor damaged to the tires and 
tow pin.  
The force vs. time is shown in Figure 31 and the peak forces from each post impact are 
shown in Table 3. A peak force of 11.5 k (51.2 kN) occurred during the initial impact with the 
cable release lever. Three combinations of post type and weakening hole size were explored, but 
it was difficult to draw any conclusions about which combination performed the best. The peak 
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forces from the accelerometer data varied significantly, even for the same post type, because the 
bogie was airborne during much of the event, which changed the impact type and direction on 
each post.  
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0.000 sec 
 
0.024 sec 
 
0.118 sec 
 
0.324 sec 
 
0.490 sec 
 
 0.644 sec 
 
0.854 sec 
 
1.080 sec 
 
Figure 24. Sequential Photographs, Test No. HTCT-2 
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0.000 sec 
 
0.008 sec 
 
0.020 sec 
 
0.052 sec 
 
0.062 sec 
 
0.738 sec 
 
0.810 sec 
 
1.036 sec 
 
Figure 25. Sequential Photographs, Test No. HTCT-2 
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0.018 sec 
 
0.040 sec 
 
0.058 sec 
 
0.090 sec 
 
0.134 sec 
 
0.170 sec 
 
0.796 sec 
 
Figure 26. Sequential Photographs, Test No. HTCT-2 
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Figure 27. System Damage – Upstream Cable Anchor Bracket, Test No. HTCT-2 
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Figure 28. System Damage – Post Nos. 2 through 5, Test No. HTCT-2 
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Figure 29. System Damage – Post nos. 6 through 9, Test No. HTCT-2 
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Figure 30. System Damage – Downstream Cable Anchor Bracket, Test No. HTCT-2 
March 21, 2014  
MwRSF Report No. TRP-03-294-14 
42 
 
Figure 31. Force vs. Time, Test No. HTCT-2 
Table 3. Peak Forces During Post Impacts, Test No. HTCT-2 
Post Type Post Number Peak Force 
M6x4.4 (M152x6.5) 
3 7.4 k (33.0 kN) 
6 4.1 k (18.3 kN) 
S3x5.7 with ⅜” diameter 
weakening holes 
2 14.9 k (66.3 kN) 
4 7.4 k (32.8 kN) 
7 7.3 k(32.4 kN) 
S3x5.7 with ⅝” diameter 
weakening holes 
5 6.1 k (27.3 kN) 
8 9.9 k (44.2 kN) 
9 16.1 k (71.5 kN) 
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4.1.2 Test No. HTCT-3 
The 1,853-lb (841-kg) bogie impacted the high-tension cable terminal at a speed of 51.1 
mph (82.2 km/h) and at an angle of 25 degrees. The impact location is shown in Figure 32. The 
cables were tensioned to approximately 4,300 lb (19 kN). The cables were numbered from 1 to 4 
as shown in Figure 33. Opposite of the previous test, cable no. 1 corresponded to the top cable, 
and cable no. 4 corresponded to the bottom cable. A sequential description of the impact events 
is contained in Table 4. The times are approximate as the bogie wheel obstructed the view of the 
cable releases. Sequential photographs are shown in Figures 34 and 35. Documentary 
photographs are shown in Figures 36 and 37. 
   
 
Figure 32. Impact Location, Test No. HTCT-3 
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Figure 33. Cable Numbers at Upstream End Terminal, Test No. HTCT-3 
Table 4. Sequential Description of Impact Events, Test No. HTCT-3 
TIME 
(sec) 
EVENT 
0.000 The bogie impacted the cable release lever. 
0.026 Cable no. 4 released. 
0.048 Cable no. 3 released. 
0.056 Cable nos. 1 and 2 released. 
0.069 Left side tires became airborne. 
0.121 Bogie tow pin impacted post no. 2. 
0.172 Cable no. 4 released at the downstream end terminal. 
0.828 The bogie had rolled 90 degrees. 
 
Damage to the cable end terminal system was moderate, as shown in Figures 38 and 39. 
The cable release lever was retained in the upstream cable anchor bracket. The kick plate had 
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significant permanent deformation, which may have contributed to a slow cable release time. 
The vertical tube that was initially impacted was bent slightly. Post no. 2 was bent downstream.  
No damage occurred to the downstream cable anchor bracket or cable release lever. 
Cable no. 1 released from the downstream cable anchor bracket as the cables wrapped around the 
bogie tow pin, and the stress wave propagation lifted the cable. 
The left-front tire of the bogie became airborne as it drove over the lower cables, which 
had not yet released by that time. After the cables released, they wrapped around the tow pin, the 
tow pin impacted post no. 2, and the roll motion of the bogie was accentuated. Minor damage 
occurred to the bogie when the vehicle rolled and subsequently impacted a temporary concrete 
barrier, as shown in Figure 40.  
The force vs. time is shown in Figure 41. A peak force of 4.8 k (21.3 kN) occurred when 
the bogie impacted the cable release lever. A peak force of 6.3 k (28.2 kN) occurred at 0.044 
seconds, or between 0.026 seconds and 0.056 seconds when the cables were releasing. 
March 21, 2014  
MwRSF Report No. TRP-03-294-14 
46 
 
0.000 sec 
 
0.010 sec 
 
0.020 sec 
 
0.046 sec 
 
0.074 sec 
 
0.126 sec 
 
0.0174 sec 
 
0.254 sec 
 
Figure 34. Sequential Photographs, Test No. HTCT-3 
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0.000 sec 
 
0.008 sec 
 
0.014 sec 
 
0.024 sec 
 
0.036 sec 
 
0.052 sec 
 
0.094 sec 
 
0.172 sec 
 
Figure 35. Sequential Photographs, Test No. HTCT-3 
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Figure 36. Documentary Photographs, Test No. HTCT-3 
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Figure 37. Documentary Photographs, Test No. HTCT-3 
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Figure 38. System Damage – Overall and Upstream Cable Anchor Bracket, Test No. HTCT-3 
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Figure 39. System Damage – Posts and Downstream Cable Anchor Bracket, Test No. HTCT-3 
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Figure 40. Bogie Damage, Test No. HTCT-3 
 
Figure 41. Force vs. Time, Test No. HTCT-3 
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4.2 Discussion 
In test no. HTCT-2, cable nos. 1, 3, and 4 released quickly from the end terminal as 
desired. However, the second cable did not release until 0.766 seconds after the first three cables, 
and cable no. 2 only lifted out due to the stress wave that propagated through the cable after 
tension was released. Some slight permanent bending was found in the kick plate, which may 
have contributed to cable no. 2 not releasing as quickly as the other cables. The washer snagging 
on the cable plate notch may have also contributed to the delayed release. 
The cable release lever rotated to the ground and was retained with the rotational bolt. It 
did not show any potential to penetrate a vehicle floorpan or cause undesirable rotations of the 
vehicle when impacted end-on. When the bogie impacted post nos. 2 through 9, the bogie vehicle 
pitched up some, but these rotations did not adversely affect the system performance. There were 
no clear effects of varying the post shape or adding weakening holes. When the bogie vehicle 
impacted the downstream end terminal in the reverse direction, the cable release lever 
disengaged as desired and did not affect the trajectory of the vehicle. 
In test no. HTCT-3, all cables were nearly released from their respective slots by 26 ms. 
However, the washers snagged on the cable plate notches at this time, which delayed the release 
for cable nos. 1 through 3. The kick plate and vertical tubes had permanent deformation, which 
may have contributed to the delayed release of the cables. The delayed release allowed the left 
side of the bogie to ride up the bottom cables, which contributed to the bogie becoming airborne. 
The cables wrapping around the tow pin and the tow pin impacting post no. 2 induced additional 
roll motion in the bogie, which contributed to the bogie subsequently rolling on its side.  
The cable release lever was retained with the rotational bolt and did not show the 
potential to penetrate a vehicle floorpan. Post no. 2 was bent downstream, and there were no 
clear effects of adding the weakening holes in the post.  
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5 SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS 
Two bogie tests were conducted on the redesigned high-tension cable end terminal. In 
test no. HTCT-2, the target impact conditions were a speed of 45 mph (72 km/h) and an angle of 
0 degrees, which is end-on to the terminal. In test no. HTCT-3, the target impact conditions were 
a speed of 45 mph (72 km/h) and an angle of 25 degrees. 
The cable release lever rotated to the ground and was retained with the rotational bolt in 
both the 0-degree and 25-degree impacts. Therefore, the cable release lever did not show the 
potential to penetrate a vehicle floorpan or cause undesirable rotations of the vehicle that was 
seen in prior testing [1].  
The cables released between 0.014 seconds to 0.018 seconds after impact in the end-on 
impact. However, the second cable did not release from the cable anchor bracket as desired. The 
cables released between 0.026 seconds to 0.056 seconds after impact in the 25-degree impact. 
These release times were later than desired, and were believed to be due in part to the washers 
snagging on the cable plate notches. The delayed release contributed to the bogie becoming 
airborne and subsequently rolling over. 
Minimal permanent deformation was found in the kick plate in test no. HTCT-2, which 
may have contributed to the second cable not releasing from the terminal as desired. More 
significant permanent deformation was found in the kick plate and vertical tubes in test no. 
HTCT-3. However, no permanent deformation was found in the fixed portion of the cable anchor 
bracket.  
Due to the delayed release time, the terminal needs to be redesigned and evaluated 
according to MASH to promote a quick release of all cables and to minimize vehicle instabilities. 
The overall height of the cable anchor bracket was less than 4 in. (102 mm). However, when the 
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cable release lever rotated and was retained by the rotational bracket, the stub height of the kick 
plate was greater than 4 in. (102 mm), which was not desired. 
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Appendix A.  Material Specifications 
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Figure A-1. Bill of Materials, Test No. HTCT-2  
Item No. QTY. Description Material Specifications Hardware Guide Reference
a1 2
Cable Anchor Bracket Base Plate, 19 3/4" x 10 
1/4" x 1/2" [502 x 260 x 12.7]
ASTM A36 Steel -
H# 051257 Req# 12-0438 
a2 4
Cable Release Lever Impact Tube, 1 1/2" x 1 
1/2" x 1/4" [38 x 38 x 6.4]  
ASTM A500 Grade B -
H# 804674 Req# 12-0438
a3 2
Cable Release Lever Base Plate, 17 1/2" x 4 
7/16" x 5/8" [445 x 113 x 15.9] ASTM A36 Steel -
H# AN0650-04 Req# 12-0438
a4 4
Cable Release Lever Support Gusset, 3 11/16" x 
2 3/8" x 1/2" [93 x 60 x 12.7]
ASTM A36 Steel -
H# 051257 Req# 12-0438 
a5 4
Cable Release Lever Rotation Bracket, 2" x 2" x 
1/2" [51 x 51 x 12.7] ASTM A36 Steel -
H# V913789 Req# 12-0438 
a6 4
Cable Anchor Bracket Exterior Gusset, 6" x 3 
1/4" x 1/2" [152 x 83 x 12.7] ASTM A36 Steel -
H# 051257 Req# 12-0438
a7 6
Cable Anchor Bracket Interior Gusset, 3 5/16" x 
3 1/4" x 1/2" [84 x 83 x 12.7] ASTM A36 Steel -
H# 051257 Req# 12-0438
a8 2
Cable Anchor Bracket Cable Plate, 19 3/4" x 3 
5/8" x 5/8" [502 x 92 x 15.9]
ASTM A36 Steel -
H# AN0650-04 Req# 12-0438
a9 4
Cable Anchor Bracket Rotation Bracket, 5 5/8" x 
3 1/2" x 1/2" [142 x 89 x 12.7]
ASTM A36 Steel -
H# 051257 Req# 12-0438
a10 2
3/4"-UNC 10 x 20" [M19x508] Long Hex Bolt and 
Nut
ASTM A307 -
Nut: 3/4"-10 A563GR.DGHvyHexNut Lot#170277 / 
Bolt: 3/4" UNC-10 Threaded Rod ASTM A449 Gr. 2
a11 16
3/4" [19] Hex Nut
ASTM A563M -
Lot#133507   12-0364
a12 16
3/4"-UNC 10 x 13 3/4" [19x349] Long Threaded 
Rod
ASTM A449 -
Lot# 032677 Heat# 9476653  Req# 12-0428
a13 20 3/4" [19] Flat Washer ASTM F844 SAE Grade 2 FWC20a PFC Lot#10072310  12-0364
b1 2 Cable Hanger ASTM A36 Steel - N/A
b2 1
S3x5.7 [S76x8.5] Post, 49" [1778] Long (Cable 
Hangar and 3/8" [10] Weakening Holes)
ASTM A572 GR50-07, ASTM A709 GR50-
09A, ASTM A992-06A
-
Post: blue paint
b3 2
M6x4.4 [M152x6.5] Post, 49" [1778] Long ASTM A572 GR50-07, ASTM A709 GR50-
09A, ASTM A992-06A
-
N/A
b4 2
S3x5.7 [S76x8.5] Post, 49" [1778] Long (With 
3/8" [10] Weakening Holes)
ASTM A572 GR50-07, ASTM A709 GR50-
09A, ASTM A992-06A
-
Post: blue paint
b5 2
S3x5.7 [S76x8.5] Post, 49" [1778] Long (With 
5/8" [16] Weakening Holes)
ASTM A572 GR50-07, ASTM A709 GR50-
09A, ASTM A992-06A
-
Post: blue paint
b6 1
S3x5.7 [S76x8.5] Post, 49" [1778] Long (Cable 
Hangar and 5/8" [16] Weakening Holes)
ASTM A572 GR50-07, ASTM A709 GR50-
09A, ASTM A992-06A
-
Post: blue paint
b7 24 5/16" [8] Hex Nut ASTM A307 - Red Paint 12-0368
b8 24 Low-Tension, Cable Hook Bolt ASTM F568 Class 4.6 or ASTM A307 FBH01 Red Paint 12-0368
c1 8
CMB High Tension Anchor Plate Washer, 3" x 2 
3/8" x 1/2" [76 x 60 x 12.7] ASTM A36 Steel -
Req# 11-0341
c2 4
3/4" [19] 3x7 Cl A Galvanized High Strength Pre- 
Stretched Cable Guiderail
AASHTO M30 Type 1 Class A -
"C-2"
c3 16 7/8" [22] Hex Nut ASTM A563M RCE03 4CMB Supply
c4 16 7/8"-UNF 14 x 11" [22x279] Threaded Rod ASTM A449 RCE03 4CMB Supply
c5 16 Bennet Cable End Fitter ASTM A47 RCE03 4CMB Supply
c6 16 7/8" [22] Square Nut SAE Grade 5 FNS20 REGULAR NUT SAME AS c3_4CMB SUPPLY
c7 4 Bennet Short Threaded Turnbuckle As Supplied - 4CMB Supply
- - Powers Fasteners Epoxy AC100+Gold - C222/ APR13 and C293/ MAY12
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Figure A-2. Bill of Materials, Test No. HTCT-3  
Item No. QTY. Description Material Specifications Hardware Guide Reference
a1 2
Cable Anchor Bracket Base Plate, 19 3/4" x 10 
1/4" x 1/2" [502 x 260 x 12.7]
ASTM A36 Steel -
H# 051257 Req# 12-0438 
a2 4
Cable Release Lever Impact Tube, 1 1/2" x 1 
1/2" x 1/4" [38 x 38 x 6.4]  
ASTM A500 Grade B -
H# 804674 Req# 12-0438
a3 2
Cable Release Lever Base Plate, 17 1/2" x 4 
7/16" x 5/8" [445 x 113 x 15.9] ASTM A36 Steel -
H# AN0650-04 Req# 12-0438
a4 4
Cable Release Lever Support Gusset, 3 11/16" x 
2 3/8" x 1/2" [93 x 60 x 12.7]
ASTM A36 Steel -
H# 051257 Req# 12-0438 
a5 4
Cable Release Lever Rotation Bracket, 2" x 2" x 
1/2" [51 x 51 x 12.7] ASTM A36 Steel -
H# V913789 Req# 12-0438 
a6 4
Cable Anchor Bracket Exterior Gusset, 6" x 3 
1/4" x 1/2" [152 x 83 x 12.7] ASTM A36 Steel -
H# 051257 Req# 12-0438
a7 6
Cable Anchor Bracket Interior Gusset, 3 5/16" x 
3 1/4" x 1/2" [84 x 83 x 12.7] ASTM A36 Steel -
H# 051257 Req# 12-0438
a8 2
Cable Anchor Bracket Cable Plate, 19 3/4" x 3 
5/8" x 5/8" [502 x 92 x 15.9]
ASTM A36 Steel -
H# AN0650-04 Req# 12-0438
a9 4
Cable Anchor Bracket Rotation Bracket, 5 5/8" x 
3 1/2" x 1/2" [142 x 89 x 12.7]
ASTM A36 Steel -
H# 051257 Req# 12-0438
a10 2
3/4"-UNC 10 x 20" [M19x508] Long Hex Bolt and 
Nut ASTM A307 -
Nut: 3/4"-10 A563GR.DGHvyHexNut 
Lot#170277 / Bolt: 3/4" UNC-10 
Threaded Rod ASTM A449 Gr. 2
a11 16
3/4" [19] Hex Nut
ASTM A563M -
Lot#133507   12-0364
a12 16
3/4"-UNC 10 x 13 3/4" [19x349] Long Threaded 
Rod
ASTM A449 -
Lot# 032677 Heat# 9476653  Req# 
12-0428
a13 20 3/4" [19] Flat Washer ASTM F844 SAE Grade 2 FWC20a PFC Lot#10072310  12-0364
b1 2 Cable Hanger ASTM A36 Steel - N/A
b2 1
S3x5.7 [S76x8.5] Post, 49" [1778] Long (Cable 
Hangar and 3/8" [10] Weakening Holes)
ASTM A572 GR50-07, ASTM A709 GR50-
09A, ASTM A992-06A
-
Post: blue paint
b6 1
S3x5.7 [S76x8.5] Post, 49" [1778] Long (Cable 
Hangar and 5/8" [16] Weakening Holes)
ASTM A572 GR50-07, ASTM A709 GR50-
09A, ASTM A992-06A
-
Post: blue paint
c1 8
CMB High Tension Anchor Plate Washer, 3" x 2 
3/8" x 1/2" [76 x 60 x 12.7] ASTM A36 Steel -
Req# 11-0341
c2 4
3/4" [19] 3x7 Cl A Galvanized High Strength Pre- 
Stretched Cable Guiderail
AASHTO M30 Type 1 Class A -
"C-2"
c3 16 7/8" [22] Hex Nut ASTM A563M RCE03 4CMB Supply
c4 16 7/8"-UNF 14 x 11" [22x279] Threaded Rod ASTM A449 RCE03 4CMB Supply
c5 16 Bennet Cable End Fitter ASTM A47 RCE03 4CMB Supply
c6 16
7/8" [22] Square Nut
SAE Grade 5 FNS20
REGULAR NUT SAME AS 
c3_4CMB SUPPLY
c7 4 Bennet Short Threaded Turnbuckle As Supplied - 4CMB Supply
- - Powers Fasteners Epoxy AC100+Gold - C293/ MAY13
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Figure A-3. Anchor Bracket and Release Lever Assemblies, Test Nos. HTCT-2 and HTCT-3 
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Figure A-4. Anchor Bracket and Release Lever Assemblies, Test Nos. HTCT-2 and HTCT-3 
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Figure A-5. Anchor Bracket and Release Lever Assemblies, Test Nos. HTCT-2 and HTCT-3 
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Figure A-6. Anchor Bracket and Release Lever Assemblies, Test Nos. HTCT-2 and HTCT-3 
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Figure A-7. Anchor Bracket and Release Lever Assemblies, Test Nos. HTCT-2 and HTCT-3 
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Figure A-8. ¾-in. (19-mm) Diameter Nuts and Washers, Test Nos. HTCT-2 and HTCT-3 
March 21, 2014  
MwRSF Report No. TRP-03-294-14 
67 
 
Figure A-9. ¾-in. (19-mm) Diameter Threaded Rod, Test Nos. HTCT-2 and HTCT-3 
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Figure A-10. ¾-in. (19-mm) Diameter Threaded Rod, Test Nos. HTCT-2 and HTCT-3 
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Figure A-11. ¾-in. (19-mm) Diameter Threaded Rod, Test Nos. HTCT-2 and HTCT-3 
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Figure A-12. ¾-in. (19-mm) Diameter Threaded Rod, Test Nos. HTCT-2 and HTCT-3 
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Figure A-13. ¾-in. (19-mm) Diameter Threaded Rod, Test Nos. HTCT-2 and HTCT-3 
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Figure A-14. S3x5.7 Line Posts, Test Nos. HTCT-2 and HTCT-3 
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Figure A-15. Cable Hook Bolts, Test No. HTCT-2 
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Figure A-16. ¾-in. (19-mm) Dia. 3x7 Cable Guiderail, Test Nos. HTCT-2 and HTCT-3 
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Figure A-17. ⅞-in. (22.2-mm) Dia. Cable End Assembly, Test Nos. HTCT-2 and HTCT-3 
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Figure A-18. ⅞-in. (22.2-mm) Dia. Cable End Assembly, Test Nos. HTCT-2 and HTCT-3 
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Figure A-19. ⅞-in. (22.2-mm) Dia. Cable End Assembly, Test Nos. HTCT-2 and HTCT-3 
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Figure A-20. ⅞-in. (22.2-mm) Dia. Cable End Assembly, Test Nos. HTCT-2 and HTCT-3 
March 21, 2014  
MwRSF Report No. TRP-03-294-14 
79 
 
Figure A-21. ⅞-in. (22.2-mm) Dia. Cable End Assembly, Test Nos. HTCT-2 and HTCT-3 
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Appendix B. Bogie Test Results 
The results of the recorded data from each accelerometer for every dynamic bogie test are 
provided in the summary sheets found in this appendix. Summary sheets include acceleration, 
velocity, and deflection vs. time plots as well as force vs. deflection and energy vs. deflection 
plots. 
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Figure B-1. Test No. HTCT-2 Results (EDR-3)
Test Results Summary
Test Number: HTCT-2 Max. Deflection: 793.6  in.
Test Date: 20-Jun-2012 Peak Force: 15.9  k
Failure Type: Multiple Initial Linear Stiffness: NA  k/in.
Total Energy: 1534.4  k-in.
Post Type: Multiple
Post Size: Multiple Multiple
Post Length: Multiple in.
Embedment Depth: Multiple in.
Orientation: Weak Axis
Gradation: NA
Moisture Content: NA
Compaction Method: NA
Soil Density, γd: NA
Impact Velocity: 52.84 mph  (77.5 fps) 23.62 m/s
Impact Height: 19 in. 48.3 cm
Bogie Mass: 1861 lbs 844.1 kg
Acceleration Data: EDR-3
Camera Data: 0
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Figure B-2. Test No. HTCT-2 Results (SLICE) 
 
Test Results Summary
Test Number: HTCT-2 Max. Deflection: 1197.8  in.
Test Date: 20-Jun-2012 Peak Force: 16.1  k
Failure Type: Multiple Initial Linear Stiffness: #DIV/0!  k/in.
Total Energy: 2083.0  k-in.
Post Type: Multiple
Post Size: Multiple Multiple
Post Length: Multiple in.
Embedment Depth: Multiple in.
Orientation: Weak Axis
Gradation: NA
Moisture Content: NA
Compaction Method: NA
Soil Density, γd: NA
Impact Velocity: 52.84 mph  (77.5 fps) 23.62 m/s
Impact Height: 19 in. 48.3 cm
Bogie Mass: 1861 lbs 844.1 kg
Acceleration Data: SLICE
Camera Data: 0
Bogie Properties
Data Acquired
Bogie Test Summary
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Figure B-3. Test No. HTCT-3 Results (EDR-3) 
Test Results Summary
Test Number: HTCT-3 Max. Deflection: 197.4  in.
Test Date: 26-Jun-2012 Peak Force: 6.8  k
Failure Type: NA Initial Linear Stiffness: NA  k/in.
Total Energy: 310.2  k-in.
Post Type: See Drawings
Post Size: See Drawings
Post Length: See Drawings
Embedment Depth: NA
Orientation: 25 degrees
Gradation: NA
Moisture Content: NA
Compaction Method: NA
Soil Density, γd: NA
Impact Velocity: 51.14 mph  (75 fps) 22.86 m/s
Impact Height: 19 in. 48.3 cm
Bogie Mass: 1853 lbs 840.5 kg
Acceleration Data: EDR-3
Camera Data: 0
Bogie Properties
Data Acquired
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Figure B-4. Test No. HTCT-3 Results (SLICE) 
Test Results Summary
Test Number: HTCT-3 Max. Deflection: 185.1  in.
Test Date: 26-Jun-2012 Peak Force: 6.3  k
Failure Type: Multiple Initial Linear Stiffness: NA  k/in.
Total Energy: 310.6  k-in.
Post Type: See Drawings
Post Size: See Drawings
Post Length: See Drawings
Embedment Depth: NA
Orientation: 25 degrees
Gradation: NA
Moisture Content: NA
Compaction Method: NA
Soil Density, γd: NA
Impact Velocity: 51.14 mph  (75 fps) 22.86 m/s
Impact Height: 19 in. 48.3 cm
Bogie Mass: 1853 lbs 840.5 kg
Acceleration Data: SLICE
Camera Data: 0
Bogie Properties
Data Acquired
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